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Abstract
Introduction: Vertebral fractures are common osteoporotic fractures, affecting 2–46% of the population, causing
morbidity and increased risk of mortality. Physical activity has beneficial effects for bone health, including increased
bone mineral density and reduced hip fractures. However, evidence concerning prevention of vertebral fractures is
scarce. Therefore, the aim of this study was to investigate the association between leisure time physical activity and
vertebral fracture risk.
Methods: The data were retrieved from the 2001 and 2007–2008 surveys of the Tromsø Study, a longitudinal
population study in Norway. A total of 1904 participants (1030 women and 874 men, age 38–87 yr and 40–87 yr
respectively) were included in the cross-sectional analysis (2007–2008). Prospective follow-up data (2001 to 2007) on
physical activity were available for 1131 participants (636 women and 495 men, age 32–69 yr and 33–69 yr
respectively). Physical activity was assessed by a questionnaire and vertebral fracture by lateral vertebral fracture
assessment from dual-energy x-ray absorptiometry scans. Logistic regression was used to examine associations
between physical activity and vertebral fracture.
Results: After controlling for confounders (age, height, weight, smoking, osteoporosis, osteoporosis medication, left
hip total bone mineral density, and use of hormones in women only), no cross-sectional associations between
physical activity levels and vertebral fracture were observed, OR 1.13 (95% CI: 0.59–2.13), for moderately active
women and 1.44 (0.61–3.42) for highly active women, compared with sedentary women. In men, the respective
ORs were 1.74 (95% CI: 0.91–3.35) and 1.64 (0.78–3.41). In the prospective analyses, OR for vertebral fracture in
women with reduced physical activity was 0.81 (95% CI: 0.18–3.62), 1.24 (95% CI: 0.29–5.26) for increased physical
activity and 1.54 (95% CI: 0.43–5.50) for active unchanged physical activity pattern, compared with sedentary
unchanged physical activity. In men, the respective ORs were 2.05 (95% CI: 0.57–7.42), 2.23 (95% CI: 0.63–7.87), and
1.81 (95% CI: 0.54–6.02). Subanalyses of women and men ≥50 yr showed similar results.
Conclusions: Our findings suggest that physical activity does not play a major role in preventing vertebral fractures
in Norwegian adults. Future studies may benefit from data on incident vertebral fracture, and objectively measured
physical activity.
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Introduction
Vertebral fractures are common osteoporotic fractures,
leading to reduced quality of life [1], morbidity and in-
creased risk of mortality [2]. Moreover, having a vertebral
fracture increases the risk of new fractures both in verte-
bra and in other locations [3]. A recent review on world
wide prevalence of vertebral fractures showed variation by
gender, ethnicity and geographical location from 3.2%
(47–95 yr) to 37% (≥ 65 yr) in Japanese men and from
1.9% (45–69 yr) in British women to 46% (≥ 50 yr) in
Moroccan women. However, different research methods
and quality of studies hampers comparison of findings [4].
In Tromsø, northern Norway, the vertebral fracture preva-
lence has been estimated to 11.8% in women and 13.8% in
men (38–87 yr), and as high as 19.2 and 20.3%, respect-
ively, in the age group ≥70 yr. The observed prevalence is
higher in men than in women [5].
In addition to the individual burden, osteoporotic
fractures result in substantial economic costs for society.
The economic burden of osteoporotic fractures in EU
was estimated to €37 billion in 2010 of which the
proportion of the vertebral fractures was 5% [6]. By
preventing, rather that treating, the overall burden of
vertebral fractures could be considerably reduced.
Physical activity has shown to have a beneficial effect
for bone health and fracture risk [7]. However, whether
physical activity can prevent vertebral fractures is
scarcely elucidated [8] and especially longitudinal studies
are needed on this topic. In addition, the majority of the
studies have focused on the effect of the physical activity
in rehabilitation of the vertebral fractures [9–11]. There-
fore, the aim of this prospective study was to investigate
the association between leisure time physical activity and
osteoporotic vertebral fracture, as well as associations
between changes in leisure time physical activity and the
risk of vertebral fracture after a 6-year follow up in




The Tromsø Study is a longitudinal population-based
study carried out in Tromsø, northern Norway [12]. It
was initiated in 1974 with the first survey focusing
mainly on studying cardiovascular disease in men. The
study was later expanded to investigate a number of
other health conditions and diseases e.g. physical activity
and osteoporosis [12] in both men and women, and con-
tinued with six follow-up surveys in 1979–1980, 1986–
1987, 1994–1995, 2001, 2007–2008 and in 2015–2016.
The Tromsø Study is described more detailed in the Co-
hort Profile [12].
To each survey, Tromsø municipality residents were
invited to participate and invitation letters were sent out
based on the official population registry. Since 1994–95,
all participants have signed a written informed consent
declaration prior to inclusion. Further, The Tromsø
Study has been approved by the Data Inspectorate of
Norway and Regional Committee of Medical and Health
Research Ethics, North Norway.
Data for this study is retrieved from the fifth and the
sixth surveys of the Tromsø Study, which were carried
out in 2001 and 2007–2008, respectively. Firstly, we per-
formed a cross-sectional analysis by using the 2007–
2008 data which included 1904 participants (1030
women and 874 men) aged 38–87 yr and 40–87 yr, re-
spectively. Secondly, we performed a prospective analysis
by using valid prospective data on changes in physical
activity from the 2001 to 2007–2008. For the prospective
analyses, participants with missing data for all the main
variables and confounders in either 2001 or 2007–08
were excluded. This resulted in a prospective sample of
1131 participants (636 women and 495 men) aged 32–
69 yr and 33–69 yr, respectively. In addition, we analyzed
a sub-cohort of individuals aged ≥50 yr (975 women and
847 men).
Assessment of physical activity
Data on leisure time physical activity was assessed by a
self-administrated multiple-choice questionnaire that in-
cluded several lifestyle and health-related questions in-
cluding physical activity. A three-page questionnaire for
the 2001 survey with two questions and a four-page
questionnaire for the 2007–2008 survey with four ques-
tions concerning leisure time exercise and physical exer-
tion accompanied the study invitation.
Subjects responded to the questions exploring the
following topics: i. total level of physical activity, ii.
exercise frequency, iii. exercise intensity and iv. exer-
cise duration:
i. “Exercise and physical exertion in leisure time. If
your activity varies much, for example between
summer and winter, then give an average. The
question refers only to the last twelve months”.
Answers alternatives to this question were: 1)
Reading, watching TV, or other sedentary activity?,
2) Walking, cycling, or other forms of exercise at
least 4 h a week? (Including walking or cycling to
place of work, Sunday-walking, etc.), 3)
Participation in recreational sports, heavy
gardening, etc.? (Note: duration of activity at least
4 h a week), 4) Participation in hard training or
sports competitions, regularly several times a week.
Based on their answers to this item, the subjects
were divided into three groups: Sedentary (answer
alternative 1), Moderately active (answer alternative
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2), and Highly active (answer alternatives 3 and 4
combined).
ii. “How often do you exercise (i.e walking, skiing,
swimming or training/sports)?” Answers
alternatives to this question were: 1) Never, 2) Less
than once a week, 3) Once a week, 4) 2–3 times a
week, 5) Approximately every day
iii. “If you exercise - how hard do you exercise?”
Answers alternatives to this question were: 1) Easy -
you do not become short-winded or sweaty, 2) You
become short-winded and sweaty, 3) Hard - you
become exhausted
iv. “For how long time do you exercise? (give an
average)” Answers alternatives to this question
were: 1) Less than 15 min, 2) 15–29 min, 3) 30–60
min, 4) More than 1 h
The first question (i.) was common for both the 2001
and 2007–2008 surveys. All questions were multiple-
choice questions and the participants were instructed to
choose one of the response options. In addition, in order
to study the association between change in physical ac-
tivity from 2001 to 2007–2008 and vertebral fracture,
the participants were grouped according to their physical
activity level (questionnaire, question i.) in 2001 and
2007–2008. The following categories were created based
on their changed or unchanged behavior: a) sedentary
unchanged, b) reduced activity, c) increased activity and
d) active unchanged [13].
Ascertainment of vertebral fracture
Vertebral fracture assessment (VFA) was performed
using vertebral morphometry, which is a quantitative
method developed for identification of osteoporotic ver-
tebral fractures based on the measurement of vertebral
heights in dual-energy X-ray absorptiometry (DXA)
scans. Although spine radiographs are generally consid-
ered to be the gold standard for the diagnosis of verte-
bral fractures [14, 15], the morphometric method is
recognized for being easy, precise and using low radi-
ation exposure [16–18]. When combined with BMD
(bone mineral density) measurements, it is even argued
it could become the “gold standard” [19].
VFA was performed in 2007–08 using DXA (Lunar
Prodigy, GE Medical systems, Madison, WI, USA). Se-
lection criteria (e.g. age) and random sampling were
used to select participants eligible for DXA scans [12],
and 3854 persons were invited to the DXA assessment,
of which 2894 were randomly selected for VFA. After
excluding blurred scans, 2886 VFA scans were further
included. For this study, scans including 9–13 measured
vertebras (Table 1) in the thoracic 4th to 12th vertebrae
(T4-T12) and the lumbar 1st to 4th vertebrae (L1-L4)
regions were included in data analysis. Participants with
missing data on physical activity and confounders were
excluded, leaving 1904 scans for the cross-sectional
study and 1131 scans for the prospective study.
All DXA scans were acquired according to a standard
procedure set by GE Lunar Prodigy, Lunar Corp.,
Madison, USA, and in GE Lunar encore version 12.20.
Daily calibration with phantom provided by the manu-
facturer was performed throughout the survey.
Specially trained technicians conducted the scanning
according to the standardized protocol, and one of them
performed the quality assessment of the total material
afterwards. Determination of fracture types was done
visually according to a standard set by GE Lunar
Prodigy, i.e. grading of vertebral fracture type and sever-
ity were based on height measurements of the anterior,
posterior and mid points of the vertebral bodies [20].
Fracture types were classified as wedge if the anterior
height was the lowest, biconcave if the middle height
was the lowest or crush if the posterior height was the
lowest. Grade of the fracture severity was determined by
percentagewise reduction in vertebral height in wedge,
biconcave or crush vertebra. In this study, all types of
fracture and mild to severe grade of the fracture with at
least minimum of 20% reduction in vertebral body
height were considered as a vertebral fracture.
For precision analysis of the VFA, a random sample of
50 participants was reanalyzed. The mean intra-class
correlation coefficient was 0.82, 0.79, 0.82, and 0.84 for
anterior, middle, posterior, and average height, respect-
ively, all vertebrae considered. At the vertebrae with
highest frequency of present deformity, exemplified by
7th and 12th thoracic vertebrae, the intra-class correl-
ation coefficient varied between 0.77 and 0.92, with a
mean of 0.86.
Additional measurements
Left hip total bone mineral density (BMD; expressed as
g/cm2) was measured using dual-energy X-ray absorpti-
ometry (DXA) (Lunar Prodigy, GE Medical systems,
Table 1 Number of measured vertebras (n = 1904)
No. measured vertebrae N Percent %
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Madison, WI, USA). Height and weight were measured
at the physical examination in light clothing to nearest
centimeter and half-kilogram respectively. Smoking
(current/previous or never), having a diagnosis for osteo-
porosis (current/previous or no), osteoporosis medica-
tion (current/previous or no), and use of hormones
(current or no) were self-reported.
Statistical analyses
Two sets of analyses were performed. Firstly, associa-
tions between physical activity parameters (i.e. physical
activity level, duration, intensity, and frequency) and ver-
tebral fracture, available from the 2007–2008 survey,
were analyzed using logistic regression. Subsequently,
another set of logistic regression was performed to
analyze associations between changes in physical activity
from the 2001 survey to the 2007–2008 survey, and ver-
tebral fracture. For each set of analyses, three models
were performed:
1) An unadjusted model (only the physical activity
variables included as predictors of vertebral
fracture),
2) An age-adjusted model (age as a continuous
variable in addition to physical activity), and
3) A multiple-adjusted model, in which additional
adjustments were made for height, weight, left hip
total BMD and self-reported smoking, osteoporosis,
osteoporosis medication, and use of hormones in
women only.
Total leisure time physical activity level was included
in the models as a categorical variable to test differences
in fracture risk between categories, and as a continuous
variable in order to investigate linear trend across the
categories (only in the cross-sectional analyses). All ana-
lyses were repeated for men and women separately, as
well as in a sub-cohort of those individuals who reached




Sample characteristics for the participants from the
2007–2008 examination are shown in Table 2. The study
includes 1030 women and 874 men aged 38–87 yr and
40–87 yr, respectively. Mean age was highest in the
sedentary women, whereas men differed less than 0.4
years between physical activity categories. Sedentary
women and men had the highest bodyweight. We
observed similar prevalences of vertebral fracture in all
physical activity groups in women, whereas in men the
lowest prevalence of vertebral fracture was observed in
the sedentary group. In total, 98 (9.5%) of all women
Table 2 Sample characteristics in 2007–2008, stratified by level of physical activity
Sedentary Moderately active Highly active
Women (n = 1030) 152 757 121
Age, years; M(SD) 64.6 (9.8) 63.2 (8.8) 61.2 (8.4)
Height, m; M(SD) 1.63 (6.81) 1.63 (6.29) 1.64 (6.96)
Weight, kg; M(SD) 74.0 (15.7) 70.5 (12.2) 68.2 (10.3)
Vertebral fracture (n; %) 15 (9.9) 71 (9.4) 12 (9.9)
Smoking daily, current or previous (n; %) 91 (59.9) 447 (59.0) 80 (66.1)
Osteoporosis, current or previous (n; %) 14 (9.2) 58 (7.7) 6 (5.0)
Osteoporosis medication, current or previous (n; %) 9 (5.9) 57 (7.5) 6 (5.0)
Current use of hormonesa (n; %) 11 (7.2) 57 (7.5) 9 (7.4)
Left hip total BMD, g/cm2; M(SD) 0.906 (0.134) 0.913 (0.131) 0.903 (0.118)
Men (n = 874) 142 518 214
Age, years; M(SD) 64.0 (10.0) 64.2 (9.1) 63.8 (8.9)
Height, m; M(SD) 1.76 (6.03) 1.76 (6.62) 1.76 (6.55)
Weight, kg; M(SD) 88.0 (12.8) 84.0 (11.8) 83.0 (11.6)
Vertebral fracture (n; %) 13 (9.2) 72 (13.9) 27 (12.6)
Smoking daily, current or previous (n; %) 105 (73.9) 388 (74.9) 133 (62.1)
Osteoporosis, current or previous (n; %) 2 (1.4) 6 (1.2) 2 (0.9)
Osteoporosis medication, current or previous (n; %) 0 (0.0) 10 (1.9) 2 (0.9)
Left hip total BMD, g/cm2; M(SD) 1.030 (0.156) 1.025 (0.137) 1.044 (0.139)
Values are means (M) (standard deviation [SD]) or n (percentages)
aOnly women
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and 112 (12.8%) of all men had vertebral fracture in
2007–2008. Moreover, the prevalence of women self-
reporting an osteoporosis diagnosis was highest among
the sedentary women.
Sample characteristics for the prospective follow-up
study of 1131 subjects in 2001 are shown in Table 3. In
both men and women, the sedentary individuals were
approximately 2 years younger than moderately and
highly active subjects. The highest mean weight also was
found in the sedentary group, whereas height did not
vary substantially between the groups.
Figure 1 presents changes in physical activity from
2001 to the follow-up in 2007–2008. The proportion of
women who remained physically active was 63.8% and
6.3% remained sedentary, whereas 14.3% of the women
reduced and 15.6% increased their activity levels. In
men, 51.9% remained physically active and 8.1%
remained sedentary, while 18.6% reduced and 21.4% in-
creased their physical activity level.
Physical activity and vertebral fractures
Table 4 presents the unadjusted, the age-adjusted and
the multiple adjusted odds ratios (OR) with 95% confi-
dence interval (CI) for vertebral fracture in relation to
physical activity level, −duration, −intensity and -fre-
quency. We found a significant association between
physical activity intensity and vertebral fracture in the
unadjusted model, with women in the “moderately/ high
intensity” group being less likely to have a vertebral frac-
ture as compared with women in the “low intensity”
group (OR 0.53, 95% CI: 0.34–0.83). However, the asso-
ciation was no longer significant in the adjusted models.
We found no further associations between any of the
physical activity parameters and vertebral fracture in un-
adjusted, age-adjusted and multiple adjusted analyses.
This applied to categorical physical activity, trends
across categories, duration, intensity and frequency of
the physical activity in both women and men. Analysis
of subjects ≥50 yr (women n = 975 and men n = 847)
gave similar results as the main analyses.
Table 5 presents results for the change in physical activ-
ity as a risk factor for vertebral fracture as unadjusted,
age-adjusted and multiple adjusted odds ratios (OR) with
95% confidence interval (CI). We found no associations
between change in leisure time exercise and physical exer-
tion, and risk of vertebral fracture in unadjusted, age-
adjusted and multiple adjusted analyses. This applied to
change in physical activity levels in categories, trends
across categories, in both women and men.
Table 3 Sample characteristics in 2001, stratified by level of physical activity
Sedentary Moderately active Highly active
Women (n = 636) 102 474 102
Age, years; M(SD) 56.7 (7.0) 58.3 (7.6) 58.1 (9.5)
Height, cm; M(SD) 162.9 (6.4) 163.3 (6.2) 163.0 (6.9)
Weight, kg; M(SD) 74.4 (14.5) 70.2 (11.8) 68.9 (12.5)
Smoking daily, current or previous (n; %) 66 (64.1) 279 (58.9) 38 (63.3)
Osteoporosis, current or previous (n; %) 2 (2.0) 17 (3.6) 3 (5.0)
Osteoporosis medication, current or previous (n; %) 3 (2.9) 19 (4.0) 2 (3.3)
Men (n = 495) 82 319 94
Age, years; M(SD) 57.2 (9.0) 59.9 (7.7) 59.0 (7.9)
Height, cm; M(SD) 176.8 (6.2) 175.8 (6.4) 177.0 (5.4)
Weight, kg; M(SD) 88.0 (12.8) 83.7 (11.6) 83.4 (11.2)
Smoking daily, current or previous (n; %) 57 (69.5) 243 (76.2) 67 (71.3)
Osteoporosis, current or previous (n; %) 1 (1.2) 2 (0.6) 1 (1.1)
Osteoporosis medication, current or previous (n; %) 0 (0.0) 3 (0.9) 1 (1.1)
Values are means (M) (standard deviation [SD]) or n (percentages)
aOnly women
Fig. 1 Change in physical activity level from 2001 to 2007–2008
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Table 4 Cross-sectional associations between leisure time exercise and physical exertion, and vertebral fracture









Female (n = 1030)
Physical activity level
Low 15 Reference Reference Reference
Moderate 71 0.95 0.53–1.70 1.09 0.60–1.99 1.13 0.59–2.13
High 12 1.01 0.45–2.24 1.36 0.60–3.10 1.44 0.61–3.42
Physical activity: linear trend 1.00 0.67–1.50 1.16 0.76–1.76 1.20 0.77–1.85
Duration
0–29 min. 22 Reference Reference Reference
30–60 min. 57 0.69 0.41–1.16 0.76 0.45–1.30 0.79 0.45–1.38
> 60 min. 19 0.71 0.37–1.37 0.78 0.41–1.52 0.78 0.39–1.58
Intensity
Low 68 Reference
Mod./high 30 0.53 0.34–0.83 0.75 0.47–1.21 0.82 0.50–1.35
Frequency
< Once a week 8 Reference Reference Reference
Once a week 20 1.24 0.53–2.91 1.05 0.44–2.51 1.17 0.47–2.90
2–3 times/week 48 1.27 0.58–2.76 1.08 0.49–2.39 1.07 0.47–2.43
Every day 22 1.22 0.52–2.84 1.03 0.43–2.42 1.01 0.41–2.49
Age (years) 1.08 1.05–1.10 1.04 1.00–1.07
BMD left hip (100 g/cm2) 0.97 0.95–0.99
Osteoporosis current/previous 3.94 1.54–10.09
Male (n = 874)
Physical activity level
Low 13 Reference Reference Reference
Moderate 72 1.60 0.86–2.99 1.62 0.87–3.03 1.74 0.91–3.35
High 27 1.43 0.71–2.88 1.47 0.73–2.98 1.64 0.78–3.41
Physical activity: linear trend 1.13 0.83–1.55 1.15 0.84–1.58 1.20 0.86–1.67
Duration
0–29 min. 23 Reference Reference Reference
30–60 min. 63 0.94 0.56-1.57 1.00 0.60–1.68 1.09 0.63–1.88
> 60 min. 26 0.80 0.44–1.46 0.86 0.47–1.58 0.91 0.49–1.72
Intensity
Low 51 Reference Reference Reference
Mod./high 61 1.07 0.72–1.60 1.27 0.84–1.92 1.38 0.90–2.12
Frequency
< Once a week 15 Reference Reference Reference
Once a week 30 1.44 0.75-2.79 1.41 0.73–2.75 1.31 0.66–2.59
2–3 times/week 46 1.28 0.69-2.37 1.19 0.64–2.21 1.24 0.66–2.35
Every day 21 1.42 0.70–2.88 1.16 0.56–2.38 1.24 0.59–2.60
Age (years) 1.04 1.02–1.07 1.04 1.01–1.06
BMD left hip (100 g/cm2) 0.96 0.95–0.98
Osteoporosis current/previous 4.44 0.73–27.07
aAdjusted for age, height, weight, smoking, osteoporosis, osteoporosis medication, left hip total BMD, and use of hormones (women only)
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Discussion
With this population-based study, we wanted to fill a re-
search gap in the association of physical activity and ver-
tebral fracture. Only a few studies have shown interest
in this topic, although vertebral fracture is a major cause
for morbidity and reduced quality of life. Therefore, pre-
venting vertebral fractures would be beneficial for the in-
dividual, but also for the society in terms of reduced
economic burden. In this study, we did not find any sta-
tistically or clinically significant associations between
levels of leisure time physical activity and prevalent
vertebral fracture. Moreover, no association between ex-
ercise intensity, frequency or duration, and vertebral
fracture was found. In subjects with prospective data, we
did not find any significant associations between 6 year
changes in leisure time physical activity and risk of ver-
tebral fracture. Furthermore, in a sub-cohort of individ-
uals aged ≥50 yr, no significant associations between
physical activity and prevalent vertebral fracture were
found.
Comparison with other studies is challenging because
of the different methods of assessing physical activity
and technologies used to identify vertebral fracture. A
few cross-sectional studies [21, 22] have investigated as-
sociations between physical activity and vertebral frac-
ture, although these studies focused on occupational
physical activity and other lifestyle factors, rather than
on recreational sports or physical activity. Ling et al. [22]
studied Chinese women aged ≥50 and found that women
whose work had involved heavy physical labor had a
lower prevalence of vertebral fracture than women who
had more sedentary jobs. Kwok et al. [21] studied ethnic
Asian men and women aged ≥65, and found that farmer
occupation was significantly associated with increased
risk for the vertebral fracture in women. The differences
in findings between the present study and these previous
studies could be explained by ethnicity and differences
in age and definition of physical activity. Moreover, it is
reasonable to assume that farming labor could be rather
wearing in its duration and as an activity itself. Previous
studies have shown a steady increase in sedentary occu-
pational activity over the last decades, whereas leisure
time physical activity increased [23]. Such changes in
occupational physical activity make the comparison
between different studies difficult. Waterloo et al. [24]
studied a larger cohort from the 2007–2008 Tromsø
Study (n = 2887) to identify risk factors for vertebral
fracture, including high vs. low physical activity, showing
results that support the present study by concluding that
physical activity was not associated with vertebral frac-
ture. Similar to our study, other prospective observa-
tional studies [25–27] in Europe did not find significant
associations between physical activity and vertebral
fracture.
Table 5 Associations between change in physical activity levels and vertebral fracture





Female (n = 636)
Physical activity level
Sed. unchanged 3 Reference Reference Reference
Reduced activity 6 0.87 0.21–3.67 0.79 0.18–3.34 0.81 0.18–3.62
Increased activity 8 1.08 0.27–4.31 1.18 0.29–4.71 1.24 0.29–5.26
Active unchanged 47 1.62 0.48–5.44 1.56 0.46–5.28 1.54 0.43–5.50
Age (years) 1.07 1.03–1.12 1.05 1.00–1.10
BMD left hip (100 g/cm2) 0.97 0.94–0.99
Osteoporosis current/previous 3.61 1.06–12.31
Male (n = 495)
Physical activity level
Sed. unchanged 4 Reference Reference Reference
Reduced activity 14 1.62 0.50–5.25 1.58 0.48–5.18 2.05 0.57–7.42
Increased activity 17 1.72 0.54–5.46 1.75 0.55–5.61 2.23 0.63–7.87
Active unchanged 36 1.47 0.49–4.37 1.38 0.46–4.13 1.81 0.54–6.02
Age (years) 1.05 1.01–1.09 1.04 1.00–1.08
BMD left hip (100 g/cm2) 0.97 0.94–0.99
Osteoporosis current/previous 14.09 1.13–176.20
aAdjusted for age, height, weight, smoking, osteoporosis, osteoporosis medication, left hip total BMD, and use of hormones (women only)
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Moreover, our findings are partly consistent with a
prospective cohort study with 3.7-year follow-up time
on vertebral fracture in North American women 65 years
of age or older [28]. They did not find any significant as-
sociations between total physical activity and vertebral
fracture, although high physical activity intensity was
associated with a reduced risk of vertebral fracture. In
our study, a significant association between physical ac-
tivity intensity and reduced risk of vertebral fracture in
women was found only in the unadjusted model, but this
association was no longer significant when adjusting for
multiple confounders. In our opinion, this indicates that
the relationship of physical activity intensity with re-
duced risk of vertebral fracture is complex and possibly
confounded and mediated by other factors. Age, in par-
ticular, appears to mediate the relationship. Ageing is as-
sociated with decreasing physical activity levels [23]. As
seen in our study, the significant unadjusted relationship
between physical activity and risk of vertebral fractures
was no longer significant when adjusting for age and
other possible confounders.
Risk factors such as advancing age have been found to
be associated with vertebral fracture [22, 29, 30], and
older age was also significantly associated with vertebral
fracture in our study, both in women and in men. Still,
physical activity was not associated with vertebral frac-
ture in our sub-cohort of men and women aged ≥50 yr.
The main cohort was not substantially larger than the
sub-cohort, only 55 women and 27 men less than in the
main cohort, which might have led to very similar out-
come in both cohorts.
A large multinational multicenter case-control study
[31] examining men and women aged 50–79 yr concluded
that walking/cycling ≥30min/day was associated with re-
duced risk of vertebral fracture in middle-aged and elderly
women, while heavy physical activity in early and middle
adulthood was associated with increased risk of vertebral
fracture in men. However, case-control studies are vulner-
able to bias, such as recall bias: the outcome has already
occurred, and cases and controls might recall the exposure
differentially based on the knowledge about the outcome.
Furthermore, selection bias might occur when controls
are included or excluded based on their characteristics,
and this may affect the outcome.
In all, the findings concerning associations between
physical activity and vertebral fracture are inconsistent,
probably partly due to different assessment methods,
ethnicity, sex and age used in the different studies. How-
ever, studies of physical activity as rehabilitation regime
in patients with vertebral fracture show that physical
activity may reduce pain and improve quality of life, sug-
gesting that physical activity may be of particular im-
portance after a vertebral fracture has occurred [32], in
addition to many benefits for health in general [33].
Results from this study should be viewed in light
of possible limitations. Although X-ray technology is
considered gold standard in vertebral morphometry,
we used DXA scans without x-ray quality in our
study. DXA scans are reported to be more accurate
in measuring moderate and severe than mild verte-
bral fracture [34], which can lead to underestimation
of the vertebral fractures. The study would have
benefited from longitudinal vertebral fracture data,
which is currently not available in the Tromsø
study. Vertebral fractures often result from osteo-
porosis and can develop over time [35]. No DXA
scans for vertebral fracture assessment were taken in
2001. Therefore, we cannot state the exact timing of
the fracture, only that it has occurred before the
2007–2008 Tromsø Study DXA scan measurements.
Furthermore, vertebral fractures can cause reduced
quality of life due to pain, reduced physical function
and sleeping disorders [1]. The change in physical
activity levels in this study might therefore have
occurred due to vertebral fracture. Assessing phys-
ical activity with self-administrated multiple-choice
questionnaire can cause recall bias. Nevertheless,
Emaus et al. [36] studied total level of self-reported
physical activity assessed by the Tromsø Study ques-
tionnaire and objectively measured physical activity
assessed by Actigraph activity monitor in 313
healthy men and women drawn from the Tromsø
Study population (2007–2008), concluding that the
questionnaire had acceptable validity. Kurtze et al.
[37] performed a validation study on 108 healthy
men using the same questions on exercise frequency,
exercise intensity and exercise duration as in our
study. They concluded that the questionnaire was
appropriate for assessing physical activity in epi-
demiological studies.
No objective physical activity data was accessible
from the Tromsø study in 2001 and 2007–2008.
Moreover, we do not know the type of physical activ-
ity, only volume and intensity. Activities causing
forces directed on the vertebrae and positions of the
vertebrae during certain types of physical activity
might cause increased risk of vertebral fracture [38].
In addition, for example running and weight bearing
exercise is seen as beneficial for bone health and pre-
venting fractures [7], whereas cycling seems not to
contribute as much to the osteogenic stimulus that is
needed for improving bone health [39]. Therefore,
being able to identify the type of physical activity,
would help us to gain more detailed knowledge on
associations between physical activity and vertebral
fracture. Also, our analysis did not include additional
confounders such as dietary factors, falls at baseline,
or general health status.
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Conclusions
Our findings suggest that physical activity, which is an
important health promoting factor, does not play any
major role in preventing vertebral fracture in adult and
elderly women and men. Future studies on this topic
might benefit from objectively measured physical activity
and a longitudinal study design in predicting vertebral
fracture.
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